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(54) Solid state fingerprint sensor packaging apparatus and method 



(57) A planar, capacitive-type, rectangular, and mul- 
ti-pixel fingerprint sensing array is mounted on the hor- 
izontal and generally rectangular top-surface of a dome 
that extends upward generally from the center of a hor- 
izontally disposed and generally rectangular silicon sub- 
strate member. The dome is (ormed by four upward ex- 
tending and inclined, or tapered, side wall surfaces, at 
least one wall surface of which carries electrical circuit 
paths that electrically connected to the various circuit 
elements of the sensing array. A generally rectangular, 
encircling and wall-like card carrier assembly includes 
a generally horizontal upper-surface having a generally 



centered opening through which only the dome and 
sensing array project upward. The bottom-surface of the 
card carrier assembly is mounted to edge portions of the 
silicon substrate member in a manner to surround and 
protect all but the upward extending dome. A flexible 
membrane or laminate is sealed to the top-surface of 
the card carrier assembly to form a flexible surface over 
the sensing array. The card carrier assembly includes 
circuit path having an external portion and having an in- 
ternal portion that connects to the wall-mounted internal 
electrical circuit paths, the external portion providing ex- 
ternal connection to the internal sensing array. 
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Description 

U S. Patent Application Serial No. 03/799,548 by 
Marco Tartagni. filed February 1 3. 1 997. and entitled 
CAPACITIVE DISTANCE SENSOR is incorporated 
herein by reference. This application describes an Inte- 
grated Circuit (IC) capacitive distance sensor having a 
number of uses, including fingerprint acquisition. In this 
IC device, a portion of which is shown in FIGS. 1 -3 here- 
of, each individual cell 2 of a mufti-cell array 3 includes 
a pair of flat armatures 23,24 that are spaced from each 
other in a horizontal plane to form a capacitor and to 
define a distance "d" to be measured. Each cell 2 also 
includes the FIG. 2 amplifier means whose input 16 is 
connected to one armature 24 and whose output 17 is 
connected to the other armature 23, such that the arma- 
ture/capacitor comprises the negative amplifier feed- 
back circuit 17,23,25,18,24,16. 

This invention relates to the field of fingerprint im- 
age sensing, acquisition, or detection, that is, to the de- 
tection of a fingerprint's minutiae such as ridge endings 
and bifurcations. More specifically, this inventbn relates 
to a solid state, multi-pixel, capacitance type, fingerprint 
sensor having a new and unusual packaging construc- 
tion and arrangement. 

As is well known, the fingerprint of a human is com- 
posed of lines or ridges, which have both branching 
parts or bifurcations and abrupt endings or end points. 
These branching parts, bifurcations, endings, and end 
points are also known as minutiae. Fingerprints are 
identified by the locations of, and the relationships 
among, these minutiae. 

While fingerprint detection is traditionally used in 
crime detection, fingerprint detection also finds utility as 
a personal key or signature; for example, to improve the 
safety of credit card use, to control access to secure ar- 
eas, computers and banking system, and as a substitute 
fa house or car keys. 

The present invention relates to a capacitance dis- 
tance/fingerprint sensor, such as is described in the 
above mentioned related patent application, that is 
packaged in accordance with this invention in a unique 
manner. The general use of capacitance type sensors 
is generally known. 

For example, the publication SENSORS AND AC- 
TUATORS, Jan/Feb 1989, no. 1/2, at pages 141-153, 
contains an article entitled INTEGRATED TACTILE IM- 
AGER WITH AN INTRINSIC CONTOUR DETECTION 
OPTION that was presented at the Fourth International 
Conference on Solid-State Sensors and Actuators 
(Transducers '87), Tokyo, Japan, June 2-5, 1987, This 
article describes an integrated capacitive tactile imaging 
sensor that comprises a multi-layer construction having 
a bottom ceramic support, a 9-row/9-column array of 
square aluminum electrodes that are contained on a sil- 
icon waler integrated circuit, a flexible and isolating in- 
termediate layer that is made up of natural rubber, a thin 
conductive rubber layer, and a top protective layer. In 



this device, capacitance depends upon local deforma- 
tion of the natural rubber layer. The 81 individual alumi- 
num electrodes of this device provide capacitive meas- 
urement of an indentation pattern within the natural rub- 

5 ber layer, this indentation being caused by a pressure 
distribution that acts on the top protective layer. 

The use of a capacitance type sensor to sense the 
minutiae of a fingerprint is also known. 

For example, the publication IEEE ELECTRON DE- 

io VICE LETTE RS, VOL 1 8, NO. 1 , JANUARY 1 997, pag- 
es 19-20, contains an article entitled NOVEL FINGER- 
PRINT SCANNING ARRAYS USING POLYSILICON 
TFTSOF GLASS AND POLYMER SUBSTRATES. This 
article describes a two-dimensional (2-D), 200x200. ca- 

*5 pacttance sensing array that is made up of 40,000 indi- 
vidual pixels. Each pixel of the array includes two Thin 
Film Transistors (TFTs) and a capacitor plate. Each ar- 
ray pixel resides at the intersection of an array-row and 
an array-column, and each array pixel is individually ad- 

20 dressable by way of row-driver circuits and column-driv- 
er circuits. 

Considering the two TFTs, hereinafter called TFT- 
A and TFT-B, that are associated with a given pixel, the 
drain electrodes of TFT-A and TFT-B are connected to 

25 the pixel's capacitor plate, the gate electrode and the 
source electrode of TFT-A are connected to a row-con- 
ductor that is associated with the pixel, the gate of TFT- 
B is connected to the lollowing row-conductor, and the 
source of TFT-B is connected to a column-conductor 

30 that is associated with the pixel. 

A thin (0.1 micrometer) silicon nitride insulator over- 
lies the capacitor plate of each array pixel. When the 
ridge of a fingerprint lies directly over the capacitor plate, 
a capacitor is formed between the capacitor plate and 

35 the finger. This capacitor is charged when a row-pulse 
(8 to 10 VDC, and of 10 to 100 micro second duration) 
is applied to the pixel by way of the row-conductor that 
is associated with this pixel and TFT-A. This stored 
charge is thereafter transferred onto the pixel's column- 

40 conductor through TFT-B when a row-pulse is applied 
to the following row-electrode. 

Also of interest is the publication 1997 IEEE INTER- 
NATIONAL SOLID-STATE CIRCUITS CONFERENCE 
that contains and article beginning page 200 entitled A 

45 390DPI LIVE FINGERPRINT IMAGER BASED ON 
FEEDBACK CAPACITIVE SENSING SCHEME. This 
article describes a single-chip, 200x200 element array, 
2-melal digital CMOS technology, sensor that is based 
upon feedback capacitance sensing, and that operates 

so to detect the electrical field variation that is induced by 
the finger's skin surface. In each element of the array 
two horizontally spaced metal plates are separated from 
the overlying and adjacent portion of the finger's skin 
surface by passivation oxide. Since the distance bo- 
ss tween the skin and the sensor's surface identifies the 
presence of the fingerprint's ridges and valleys, an array 
of elements provides a complete fingerprint pattern. 
In each element of the array, the two metal plates 
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are respectively connected to the input and the output 
of a high-gain inverter, to thereby form a charge-integra- 
tor. In operation, the charge-integrator is first reset by 
shorting the input and output of the inverter. A fixed 
amount of charge is then sinked from the input, causing 
the output voltage to swing inversely proportional to a 
feedback capacitance value that is inversely proportion- 
al to the distance to the fingerprint's ridges and valleys. 
Th e array of cells or sensors thus provides the complete 
fingerprint pattern. The fingerprint image disappears 
when the finger is removed from the array. 

U.S. Patent 4,353,056. incorporated herein by ref- 
erence, is of interest in that it relates to a capacitance- 
type fingerprint sensor wherein a finger is pressed onto 
the sensor's surface in order to read the ridges and val- 
leys ol the fingerprint. The sensor-surface has a large 
number ol capacitors of a small physical size associated 
therewith. Two sensors are described. In a first type of 
sensor an electrical insulator carries a number of flexi- 
ble and horizontally spaced curved metal electrodes, 
two adjacent metal electrodes of which comprise one 
capacitor A protective insulating film overlies the elec- 
trical insulator and when a finger is brought into physical 
contact with this protective insulating film, the metal 
electrodes arc physically deformed, thereby selectively 
changing tho capacitance of the large number of capac- 
itors tn accordance with the fingerprint's ridgeA/alley pat- 
tern. In a second type of sensor, the top surface of a 
rigid support carries a number of horizontally spaced 
and flat metal electrodes in a fixed position. Placed 
above the plane of the metal electrodes is the sequential 
arrangement ol a flexible insulator, a flexible electrode, 
and a flexible protective membrane. A capacitor is 
formed between the top flexible electrode and each of 
the lower and fixed -position flat metal electrodes. When 
the end of a finger is brought into contact with the flexible 
membrane, the flexible electrode becomes wavy in ac- 
cordance with the fingerprints' ridges/valleys pattern. 

In addition, U.S. Patent 5,325.442, incorporated 
herein by reference, relates to a capacitance-type fin- 
gerprint sensor having a sensing pad that comprises a 
planar array of row/column sensing elements having a 
pitch of about 100 micrometers. Each sensing element 
is located at the intersection of a row conductor and a 
column conductor, and in each sensing element, a sens- 
ing capacitor is made up of a planar sensing electrode 
that is spaced from a finger surface by way of an insu- 
lating film that overlies the sensing electrode. The plu- 
rality of sensing electrodes that make up the array are 
regularly spaced and re equal size rectangles. 

The sensing elements are fabricated using photo- 
lithographic processes, and each individual sensing el- 
ement includes a Thin-Film-Transistor (TFT) in the form 
of a Field-Effect-Transistor (FET). Each FET gate is con- 
nected to a row conductor, each FET source is connect- 
ed to a column conductor, and each FET drain is con- 
nected to a sensing electrode. 

In one embodiment, each sensing element compris- 



es a sensing capacitor that is formed between a sensing 
electrode and the finger. In another embodiment, each 
sensing element includes an electrically isolated and 
conducting pad the is physically engaged by the finger. 
5 While prior devices as above described are gener- 
ally useful for their limited intended use, a need remains 
in the art for a solid state capacitance type fingerprint 
sensing array, wherein the sensor array is assembled 
or packaged, generally using solid state processing 
10 techniques, in a manner that enhances the operation of 
the sensor array, and at the same time prevents or min- 
imizes contamination and the like when a finger is 
brought into physical contact with the active upper sur- 
face of the sensor array, 
is The present invention provides a uniquely pack- 
aged Integrated Circuit (IC) array of capacitive sensor 
cells that collectively operate to sense or detect the fin- 
gerprint pattern of a fingertip that is physically placed 
upon the top surface of the package. The IC array is 
20 generally rectangular and planar, and the IC array con- 
tains a relatively large number of individual sensor cells, 
or pixels, that are located within the multiple rows and 
the multiple columns of the array. 

The internally housed IC array projects to the top 
2$ surface of the package, where the array is covered by, 
and protected by, an flexible membrane having a low 
dielectric constant, thus providing easy access fingertip 
during operation thereof to detect a fingerprint pattern. 
In an embodiment of the invention, each individual 
30 sensor cell of the IC array includes a signal-inverting cir- 
cuit whose input/output is bridged by a normally open 
reset switch in the form of a MOStransistor. Each sensor 
cell also includes a pair of flat or planar, horizontally 
spaced, and generally topmost-level metal plates. 
35 These two metal plates electrically cooperate with the 
fingertip skin to form two series connected capacitors 
that provide negative feedback from the output to the 
input of the signal-inverting circuit this negative feed- 
back being a function of the proximity of distance of that 
40 cell's skin portion to that cell's metal plates. 

In operation, all sensor cells are first discharged by 
momentarily closing all of the reset switches, one switch 
for each sensor cell. The fingertip is then physically 
placed on the array's top passivated surface. The pres- 
45 ence of the fingerprint's skin ridges across various ones 
of the metal plate pairs, one pair for each sensor pixel 
or sensor cell, induces an enhanced capacitive coupling 
between these various ones of the plate pairs, as com- 
pared to other plate pairs that are associated with a fin- 
so gerprint valley. The fingerprint pattern is then digitized 
by sensing the difference in adjacent pixel capacitance 
values. 

Since the fingertip must be brought directly into the 
physical proximity of the array's top surface, convention- 
55 al packaging techniques are not generally suitable for 
packaging the array. The apparatus/method of the 
present invention will be explained relative to packaging 
that includes two vertically oriented and wall-like chip 
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card carriers. However, the present invention also finds 
utility in applications that require stationary installation 
of the sensor array. 

The present invention provides a packaging con- 
struction and arrangement having a horizontal top sur- 5 
face topography that allows internal solder bonding 
pads and internal circuit paths to be physically isolated, 
physically protected, and placed at a desired distance 
below the sensor's top fingertip contacting surface, and 
generally under an upper chip card carrier that encircles "> 
and overlies a border portion of the top surface topog- 
raphy. 

This resutl is achieved by thinning down the four 
edges, or boarders, of the top surface of a generally rec- 
tangular silicon substrate whose center located, gener- is 
ally rectangular, and upward- extending dome shaped 
flat top surface carries the above -described multiple cell 
array. This construction and arrangement provides a 
well tapered silicon substrate top surface transition re- 
gion that exists between the edge located and thin sub- 20 
strate region and the center located and dome shaped 
thick substrate region, thereby allowing for reasonable 
film step coverage over this thin/tapered/thick substrate 
top surface topography during processing. 

The top surface of the substrate is covered by an 2S 
intermetal dielectric layer, and electrical connections are 
made to the sensor array by way of one, or more, metal 
conductor paths that extend over this planarization layer 
from the silicon substrate's thin region upward along the 
silicon substrate's tapered region, to electrically termi- 30 
nate and connect to the boarder or edge of the top lo- 
cated sensor array. 

A passivation layer is placed on top of the silicon 
substrate, sensor array, planarization layer, and electri- 
cal connection assembly. 35 

The generally flat bottom horizontal surface of the 
silicon substrate is supported by the top horizontal sur- 
face of a somewhat larger and generally complementary 
and rectangular support laminate that is made of a rigid 
and electrically nonconductive plastic. The silicon sub- *o 
strate is generally centered upon the top surface of this 
support laminate, and a generally rectangular and two 
piece chip carrier wall-like structure is supported by, and 
sealed to, the exposed top surface of this support lam- 
inate, so as to encircle and protect the silicon substrate, *s 
so as to overhang the thin portion of the silicon sub- 
strate, and so as to provide a relatively small, center dis- 
posed, and generally rectangular opening through 
which only the silicon substrate's center-located dome 
and it sensor array upwardly project to be generally co- so 
incident with the top of the surrounding wall-like struc- 
ture. 

A thin, generally rectangular, flexible, low dielectric 
constant, and electrically nonconductive protective lam- 
inate is bonded to the top of the chip carrier wall-like 
structure, to thereby seal the assembly from contami- 
nants and the like. 

The chip carrier wall-like structure is made up of a 



large-area lower member and a smaller-area upper 
member. Electrical connection to the array is provided 
by way of an internally exposed and externally exposed 
metal layer that is located between the lower and upper 
members. 

An object of this invention is to provide a solid state 
fingerprint sensor packaging apparatus/method having 
a planar, generally rectangular, and multipixel fingerprint 
sensing array that is mounted on a horizontal and gen- 
erally rectangular top-surface of a dome that extends 
upward generally from the center of a horizontally dis- 
posed and generally rectangular silicon substrate mem- 
ber. The dome is formed by four upward-extending and 
inclined, or tapered, side wall surfaces, at least one wall 
of which carries electrical circuit paths that connected 
to the sensing array. A generally rectangular wall-like 
card carrier assembly encircles the substrate member. 
The card carrier assembly includes a generally horizon- 
tal upper-surface with a generally centered opening 
through which only the dome and sensing array are 
physically accessible. The bottom-surface of the card 
carrier assembly is mounted to edge portions of the sil- 
icon substrate member in a manner to surround and pro- 
tect all but the upward extending dome. Avery thin flex- 
ible membrane, or laminate, having a low dielectric con- 
stant is sealed to the top-surface of the card carrier as- 
sembly to form a flexible and protective layer over the 
sensing array. This flexible membrane is in intimate 
physical contact with the top surface of the array. The 
intimate contact and low dielectric constant character- 
istics ol the flexible membrane allow a fingertip to easily 
modulate the capacitance values of the array pixels. 

The card carrier assembly includes circuit paths 
having external portions, and having internal portions 
that connect to the internal electrical circuit paths, the 
external portions serving to provide external connection 
to the internally housed sensing array. 

These and other objects, features and advantages 
of the present invention will be apparent to those of skill 
in the art upon reference to the following detailed de- 
scription, which description makes reference to the 
drawing. 

FIG. 1 is a top view, taken in the X-Y plane, of a 
generally planar, multiple pixel, multiple row/column, 
distance sensing array with which the present invention 
find utility, this array having a plurality of solid state ca- 
pacitive sensors that operate in combination to provide 
an electrical output that comprises a multiple pixel fin- 
gerprint pattern in accordance with this invention. 

FIG. 2 schematically shows the circuitry of a single 
cell of the FIG. 1 array, all array cells of FIG. 1 being 
generally identical in their physical and electrical con- 
struction and arrangement. 

FIG. 3 shows the equivalent circuit of the single cell 
circuit that is shown in FIG. 2. 

FIG. 4 is a top perspective view of the bottom silicon 
substrate portion of a packaging apparatus in accord- 
ance with this invention. 
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FIG. 5 is a side view of FIG. 4. 
FIG. 6 is a side view that is used to explain process- 
ing of the silicon substrate member of FIGS. 4 and 5 
prior to attachment of the substrate member to the bot- 
tom rigid laminate member of FIGS. 4 and 5, FIG. 6 also 
showing the use of two conductor/solder-bump pairs to 
provide electrical connection to the IC device that is 
shown in FIG. 1. 

FIG. 7 is a top view that shows the alternative use 
of four conductor/solder-bump pairs to provide electrical 
connection to the IC device that is shown in FIG. 1. 

FIG. 8 is a exploded side view of a final packaged 
device in accordance with the present invention, this fig- 
ure showing the arrangement of FIG. 6 vertically sepa- 
rated from the support laminate that is shown in FIGS. 
4 and 5, and this figure also showing a two-piece chip 
card carrier assembly, a metal conductor layer, and a 
topmost thin and flexible protective laminate, all of which 
operate to protectively encase the assembly of FIG. 6. 

FIG. 9 is a side assembled view ol a final packaged 
device in accordance with the present invention. 

FIG. 1 is a top view of an I C device 1 that includes 
a generally planar, multiple pixel, multiple row/column, 
array 3 having a relatively large number of solid state 
capacitive sensor cells 2 that operate in accordance with 
an aspect of this invention to provide an electrical output 
10 that comprises a multiple pixel fingerprint pattern. As 
shown, FIG. 1 is taken in the X-Y plane. Array 3 contains 
the number N of horizontal or X-direction extending rows 
of individual capacitance sensor cells 2. each row hav- 
ing the number M of individual sensor cells 2 therein, 
and array 3 contains the number M of vertically or Y- 
direction extending columns of individual capacitance 
sensor cells 2, each column having the number N of in- 
dividual sensor cells 2 therein, wherein the numbers N 
and M are integers that may of may not be equal to each 
other. The number ol individual picture elements, pixels, 
or cells 2 within array 3 is quite large, and equals the 
product of MxN. An example is 512x512 pixels or cells 
2 within array 3, array 3 being of a physical size of about 
20 mm to about 25 mm. 

The present inventbn deals with a solid state pack- 
aging apparatus/method whereby array 3, including its 
many individual sensing cells 2, is assembled or pack- 
aged, generally using solid state processing techniques, 
in a manner that enhances the operation of array 3, and 
at the same time, prevents or minimizes grease, mois- 
ture, and condensation contamination and the like when 
fingertip 1 8 of FIG. 2 is brought into physical contact with 
the upper and active surface 125 of array 3. 

Each individual sensor cell 2 within array 3 is ad- 
dressable by virtue the cell being physically located at 
tho intersection of a row/column of array 3. The manner 
in which the individual sensor cells 2 of array 3 are ad- 
dressed and readout in order to digitize a fingerprint pat- 
tern are well known to those of skill in the art and does 
not form a limitation on this invention. 

FIG. 1 shows an integrated circuit chip device 1 that 



is to be packaged in accordance with the present inven- 
tion. IC device 1 includes a horizontal scanning stage 
or network 6, and a vertical scanning stage or network 
5 for sequentially interrogating or reading one cell 2 at 
s a time, according to a predetermined scanning pattern. 
Preferably, stages 5 and 6 comprise shift registers, or 
decoders, that operate to interrogate the FIG. 2 outputs 
17 of cells 2 sequentially. 

IC device 1 also includes a supply/logic stage or 
io network 7 that operates to supply the IC device compo- 
nents, including all cells 2, with the necessary operating 
voltages, and to control the sequence of steps that are 
necessary for operation of IC device 1. In particular, a 
DC voltage source 12 provides a DC reference voltage 
is Vr. A buffer 8 is connected to the outputs 17 of all cells 
2. Output 10 of buffer 3 comprises the sequentially ar- 
ranged output of IC device i . the signal at output 1 0 be- 
ing controlled by operation of scanning stages 5 and 6. 
FIG. 2 schematically shows the circuit of a single 
20 cell 2 of FIG. 1 's array 3, all cells 2 being generally iden- 
tical in construction and arrangement. Each cell 2 in- 
cludes a low-power, signal inverting, amplifier 1 3 having 
an exemplary gain of from about 1000 to about 2000. 
Terminal 21 comprise the input to the circuit of cell 2, 
25 and terminal 21 and input capacitor 20 connect to input 
16 of amplifier 13. Terminal 17 comprises the output of 
cell 2 and amplifier 1 3. Each cell 2 also includes two X- 
Y planar armatures or metal capacitor plates 23,24 that 
are of generally equal area and are horizontally or X- 
30 direction spaced from each other within a common X-Y 
horizontal plane. A thin dielectric layer 25 covers capac- 
itor plates 23 : 24. and the upper horizontal surface 125 
of layer 25 provides an active array surface for physical 
contact by the skin surface 18 of a finger whose finger- 
35 print is to be sensed or determined. Dielectric layer 25 
may cover the entire face of the upper portion of IC de- 
vice 1 that includes array 3 and its individual cells 2. 

In use, a fingertip 18 is placed on the upper surface 
125 of array 3's dielectric layer 25. Skin surface 18 
40 thereby forms an armature, or electrode, that vertically 
overlies and faces the top, X-Y planar, surfaces of ca- 
pacitor plates 23,24. Skin surface 18 operates to define 
with plates 23,24 the first capacitor 34 of FIG. 3, and the 
second capacitor 33 of FIG. 3, which series connected 
45 compound capacitors 33,34 are connected in negative 
feedback fashion from amplifier output 17 to amplifier 
input 16. 

Each cell 2 also includes a normally open start, re- 
set, or control switch 1 9, preferably in the form of a MOS 

so switch. Switch 1 9 selectively and momentarily operates 
to short amplifier input 16 to amplifier output 17. Switch 
19 is controlled by a control signal "R" that is provided 
by FIG. 1's supply and logic unit 7. At the start of a fin- 
gerprint acquisition operation, switches 19 of all array 

55 cells 2 are momentarily closed, and the voltage level at 
all cell inputs 21 is maintained at a constant magnitude. 
In this way. the input voltage of all cells 2 is brought to 
the same potential as the cell's output voltage. 



5 



9 



EP 0 889 521 A2 



10 



Shortly thereafter, supply and logic unit 7 operates 
to open all reset switches 1 9, and to supply all cell inputs 
21 with a step voltage that is equal in magnitude to ref- 
erence voltage Vr. An electrical charge is now induced 
at each of the cell input capacitors 20. thus permitting 5 
the reading of the local and individual Z-direction cell 
distances "d" that exist between a cell's capacitor plates 
23,24 and that cell's overfying skin surface 18. 

Scanning stages 5,6 of FIG. 1 now operate to se- 
quentially enable the reading, or interrogation, of the "> 
many cells 2 within array 3. In this way, buffer 8 operates 
to sequentially provide an output 10 in the form of a se- 
quence of gray levels of voftage that provide a three- 
dimensional readout and display of the skin surface 18 
of the finger that is currently resident on the top surface T5 
125 of array 3. 

FIG. 3 is an equivalent circuit of the single cell circuit 
shown in FIG. 2. The input capacitance of amplifier 13 
is shown at 30, the output capacitance of amplifier 1 3 is 
shown at 31 , and the two above mentioned series con- so 
nected and skin-sensitive capacitors are shown at 
33,34. 

FIG. 4 is a top perspective view of the bottom sub- 
strate portion 41 of a solid state packaging apparatus in 
accordance with this invention, and FIG. 5 is a side view 25 
of bottom portion 41. 

Reference numeral 42 identifies a generally rectan- 
gular silicon substrate member having a flat or horizon- 
tal bottom surface 54. As shown in FIGS. 4 and 5, a por- 
tion of the top surface of silicon substrate 42 has been 30 
processes in a well-known manner to thin down the four 
edges or boarders 43-46 thereof. These four edge por- 
tions 43-46 are coplanarand generally horizontal. In this 
manner, a generally center located, upward extending, 
and generally rectangular-top dome 47 is provided. 35 
Dome 47 has a flat and generally horizontal top surface 
48 that is prelerably of a complementary area to the X- 
Y planar area of IC device 1 , and that carries IC device 
1 and its multiple cell array 3. As will be apparent to 
those of skill in the art, IC device 1 may be formed inte- 40 
grally with silicon substrate member 41 , or IC device I 
may be a separate device that is mounted on, and se- 
cured to, the top surface of the substrate's center locat- 
ed an upward extending dome 47. In a preferred em- 
bodiment of the invention, substrate surfaces 54 and 48 <s. 
were parallel, and substrate surfaces 43-46 were cop la - 
nar and parallel with surfaces 54,56. 

This unique construction and arrangement provides 
silicon substrate 42 with a well tapered top surface tran- 
sition region that is formed by the four upward tapered 50 
walls 49-52 that exist between the horizontal edge lo- 
cated and thin subsirate region 43-46 and the horizontal, 
center-located, and dome shaped thick substrate region 
47, thereby allowing for reasonable film step coverage 
over the thin/tapered/thick top surface topography of sil- ss 
icon substrate 42 during processing. Reference numer- 
al 53 identifies the angle at which all four ol the walls 
49-52 are inclined or tapered relative to the X-Y plane: 



This angle may be in the range of from about 30 to about 
70-degrees. 

The generally flat bottom surface 54 of silicon sub- 
strate 42 is supported by the generally flat top surface 
55 of a somewhat larger and generally complementary 
rectangular support laminate member 56 that is made 
of a rigid and electrically nonconductive plastic. As 
shown, silicon substrate 42 is generally centered upon 
the top surface 55 of support laminate 56. By way of 
example, support laminate is from about 30 mm square 
up to a size that is generally equal to that of well know 
credit cards. 

As will be apparent, the upward-extending dome 47 
of silicone substrate member 42 operates to provide a 
protruding sensing surface for engagement by fingertip 
18, while other external portions of the packaging as- 
sembly to be described operate to seal and protect yet 
other internal portions of a fingerprint sensing device in 
accordance with the spirit and scope of this invention. 

Prior to the attachment of silicon substrate member 
42 and its IC device 1 to bottom laminate member 56, 
substrate member 42 is processed as will now be de- 
scribed relative to FIGS. 6 and 7. 

As will be apparent, the top surface topography of 
silicon substrate member 42, that is the topography that 
comprises (1) the low, coplanar, and encircling boarder 
area 43-46, (2) the generally centered and upward ta- 
pered area 49-52, (3) and the topmost dome area 48, 
allows placement of solder bonding pads, circuit con- 
nections, and the like, at a protected distance below a 
top sensor surface that is formed by a flexible, low die- 
lectric constant, and protective laminate 76 (to be de- 
scribed) that provides a flexible protective cover for the 
above described I C device 1 that is physically supported 
at the top surface 48 of dome 47. 

In construction of the arrangement shown in FIG. 6, 
the top surface 48 of dome 47, that is the surface that 
includes the above-described array 3 of sensing cells 2 
and the circuits of FIG . 2, is masked and then machining, 
by etching, to thereby recess silicon substrate 42 in the 
boarder areas 42-45 and inclined areas 49-52, prior to 
deposit of intermetat dielectric layer 57. 

Deposition of layer 57 can be carried out by the dep- 
osition of a first layer of low temperature oxide (for ex- 
ample, a TEOS or a silane based chemical), planariza- 
tion of this first oxide layer by a coat of Spin On Glass 
(SOG), followed by etchback using a chemical that op- 
erates to etch the SOG and the first layer ol low temper- 
ature oxide at about the same rate, followed by capping 
the thus planarized surface with a second layer of low 
temperature oxide. The final Z-direction thickness of lay- 
er 57 is in the range of from about 0.6 to about 2.0 mi- 
crometers. 

Vias are now opened in layer 57 by conventional 
means. 

As the next step in the FIG. 6 process, a number of 
metal conductor paths 58 are provided. FIG . 6 shows 
two such conductor paths 58. whereas the top view of 
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FIG. 7 shows the alternative use of four conductor paths 
58 As is well known, conductor paths 58 are provided 
in sufficient number to provide the needed electrical 
connection to sensor array 3 and the FIG. 2 circuits de- 
scribed above. The portions of conductor paths 58 that 
extend over recessed portions 43-46 of substrate mem- 
ber 42 are used to define bonding pads. 

A passivation layer 60 is now coated on top of the 
above-described assembly, this layer having a number 
of openings 61 equal to a number of bonding pads, or 
solder bumps 67, that are then formed by conventional 
electroplating. As shown in FIGS. 6 and 7, one solder 
bump 67 is provided for each conductor path 58. Pas- 
sivation layer 60 is preferably formed of nitride, and layer 
60 is in the range of about 0.3 to about 0.7 micrometers 
thick in the z-direction. 

As a final and optional step of the FIG. 6,7 process, 
the bottom surface 54 of substrate member 42 may be 
thinned down using conventional back-grinding tech- 
niques. 

FIG. 8 is an exploded side view of a final packaged 
device in accordance with the present invention. FIG. 8 
shows the above-described arrangement of FIG. 6 ver- 
tically separated from the support laminate 56 that was 
described relative to FIGS. 4 and 5. FIG. 8 also shows 
a two-piece chip card carrier assembly 70,72, a metal 
conductor layer 71 , and a thin, flexible and low dielectric 
constant protective laminate 76 that operate in combi- 
nation to protectively seal and encase the assembly of 
FIG. 6. FIG. 9 is a side view similar to FIG. 8 wherein 
the various parts of the package or device in accordance 
with the present invention have been assembled. 

The chip card carrier assembly may be considered 
to be a three-piece assembly that comprises an upper, 
small-area, card carrier member 70, an intermediate 
metal layer 71 that is fixed to the bottom surface 73 of 
upper card carrier member 70, and a lower, large-area, 
card carrier member 72 that is fixed to the bottom sur- 
face of metal layer 71. Thus, assembly 70,71,72 com- 
prises a unitary assembly having three functional parts, 
having a relatively large-area and generally rectangular 
bottom opening 75, and having a relatively small-area 
and generally rectangular top opening 74. In a preferred 
embodiment of the invention, X-Y planar areas 74,75 
were complementary rectangles, for example squares. 

Card carrier members 70 and 72 are made of a non- 
critical electrically nonconductive and rigid structural- 
type plastic, for example, well-known plastics from 
which credit cards are made. 

Metal layer 71 forms metal conductor interconnect 
pattern lines that are sandwiched between the two die- 
lectric members 70,72. As is well known, patterned lines 
71 cooperate with solder bumps 67 and metal conductor 
paths 58 to provide the extemal-to-intemal electrical 
connections that are necessary for IC device 1 , its array 
3, and its many sensing cells 2. 

Upper card carrier member 70, when viewed from 
the above and in the X-Y plane, is in the form of a rec- 
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tangular band that has a rectangular cross section, and 
that has a center Z-direction through-hole 74 that is 
large enough to accommodate the top surface 48 of sub- 
strate dome 47 and/or the various IC sensing members 

s that are carried by the top surface 48 of dome 47. 

Lower card carrier member 72. when viewed from 
above and in the X-Y plane, is also in the form of a com- 
plementary rectangular band that also has a rectangular 
cross section. However, the rectangular band that is de- 

10 fined by lower card carrier member 72 is larger than that 
defined by upper card member 70. Thus, card carrier 
member 72 provides a relatively large area center Z-di- 
rectbn through-hole 75 that is large enough to protec- 
tively encircle the entire assembly shown in FIG. 6. 

15 |n addition, the top X-Y planar surface portion 171 
of tower card carrier member 72 provides support tor an 
externally exposed portion of metal conductor layer 70, 
thereby allowing for external electrical connection to be 
made to the internal electrical portions of the assembled 

20 package shown in FIG. 9 

The assembled Z-direction thickness of upper card 
carrier member 70, metalization layer 7, and tower card 
carrier member 72 is selected so that all but the upper 
portion of the FIG. 6 assembly is contained within and 

25 protected by an internal cavity that is defined by open- 
ings 74 and 75, and so that only the center sensing 
dome portion of the FIG. 6 assembly extents to the X-Y 
plane of the top surface 77 of upper card carrier member 
70. 

30 FIG. 8also shows a thin, flexible, taw dielectric con- 
stant and protective laminate 76 that overlies the entire 
FIG. 8 assembly. Laminate 76 may be formed of a pol- 
yethylene or a similar flexible plastic material. Laminate 
76 is fixed to the top surface 77 of upper card carrier 

3S member 70, as by the use of an adhesive. 

Since the center sensing dome portion 47 of the 
FIG. 6 assembly protrudes upward to be generally co- 
incident with the X-Y plane of the upper end of through- 
hole 74, laminate 76 provides intimate physical contact 

40 between fingertip 1 8 and the top surface of each cell 2 
within array 3, thus insuring that the ridges and valleys 
of fingertip 18 can operate to modulate the capacitance 
values of the cells 2 within array 3.. 

The upper surface 79 of laminate 76 comprises an 

45 active surface to be physically engaged by the fingertip 
18 of the finger whose fingerprint is to be detected. An 
exemplary Z-direction height of the assembly of FIG. 9 
is about 1 .0 mm. 

The multi-part assembly comprising flexible lami- 

so nate 76, upper card carrier 70, metal layer 7 1 , and lower 
card carrier 72 are secured to the assembly of FIG. 6 by 
operation of solder bumps 67, whereas the bottom sur- 
face 54 of substrate member 42 and the bottom surface 
80 of lower card carrier 72 are fixed to the top surface 

55 55 of rigid laminate member 56 by an adhesive type at- 
tachment. 

The above detailed description of embodiments of 
this invention is not to be taken as a limitation on the 
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spirit and scope of this invention, since it is apparent that 
those skilled in the related art will, upcr reading this de- 
tailed description, readily visualize yu: other embodi- 
ments that are clearly within the spiri; and scope of this 
invention. 



Claims 

1. A method of packaging a capacitance fingerprint 
sensing array in order to physically and environ- 
mentally protect the sensing array, comprising the 
steps of: 

providing a capacitance fingerprint sensing ar- 
ray; 

providing a rigid substrate assembly having an 
encircling base area, having a dome that ex- 
tends upward from said base area, and having 
a top area on said dome, said top area being 
located at a given distance above said base ar- 
ea: 



placing said sensing array on said top area; ?s 



providing a rigid and continuous wall member 
having a generally planar bottom surface that 
is complementary t> said base area, and hav- 
ing a generally planar top surface that is located 
generally at said given distance above said bot- 
tom surface; 



20 



30 



mounting said bottom surface of said wall mem- 
ber to said base area; 35 

providing a low dielectric constant and flexible 
membrane member, and 

mounting said membrane member on said top 40 
surface of saic wall member 

to thereby provide a low dielectric constant up- 
per surface for physical association with a fin- 
gertip whose fingerprint pattern is to be sensed. <s 

2. The method of claim 1 including the steps of: 



providing a first electrical conductor path on 
said substrate assembly and connected to said 
sensing array; and 

providing a second electrical conductor path 
extending through said wall member and con- 
nected to said first electrical conductor path to 
thereby provide an external electrical connec- 
tion to said first electrical conductor path. 
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3. Packaging apparatus providing a closed cavity that 
physically surrounds a capacitance type object sen- 
sor, comprising: 

a capacitance type object sensor. 

a rigid substrate assembly having a base area, 
having a generally centrally located dome that 
extends upward from said base area so as to 
be encircled by said base area, and having a 
topmost located dome area that contains said 
object sensor, to thereby support said object 
sensor at a given distance above said base ar- 
ea; 

a rigid and continuous wall member defining 
encircling cavity walls providing a through-hole 
having a top surface and a bottom surface, said 
top surface being located generally at said giv- 
en distance above said bottom surface; 

first mounting means mounting said through- 
hole bottom surface on said base area to there- 
by locate said substrate assembly within said 
wall member; 

a low dielectric constant and flexible membrane 
member, and 

second mounting means mounting said mem- 
brane member on said through-hole top sur- 
face to thereby provide a closed cavity having 
a top surface that comprises a downward de- 
flectable and low dielectric constant surface for 
physical association with an object whose pres- 
ence is to be sensed. 

4. The apparatus of claim 3 including: 

a first electrical conductor path internal to said 
cavity and connected to said object sensor, and 

a second electrical conductor path extending 
through said wall member; 

said second electrical conductor path having an 
internal portion connected to said first electrical 
conductor path; and 

said second electrical conductor path having an 
external portion providing electrical connection 
to said first electrical conductor path. 

5. The apparatus of claim 3 wherein said wall member 
comprises: 

a lower encircling wall having a top surface and 
a bottom surface. 
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said tower encircling wall providing a lower cav- 
ity portion having a first size sufficient to contain 
said substrate assembly. 

said bottom surface of said bwer encircling wall 
being mounted on said base area; 

an upper encircling wall having a top surface 
and a bottom surface; 

said upper encircling wall providing an upper 
cavity portion having a second size that is 
smaller than said first size and is sufficient to 
contain said dome; 

said bottom surface of said upper encircling 
wall being mounted on said top surface of said 
lower encircling walls; and 



said membrane member being mounted on 20 
said top surface of said upper encircling wall. 

6. The apparatus of claim 5 including: 

a first electrical conductor path internal of said 
cavity and connected to said object sensor; and 

a second electrical conductor path extending 
through said wall member, 

30 

said second electrical conductor path having an 
internal portion connected to said first electrical 
conductor path; and 

said second electrical conductor path having an 3$ 
external portion providing electrical connection 
to said first electrical conductor path. 

7. The apparatus of claim 6 wherein said second elec- 
trical conductor path comprises; 40 

a metal path located intermediate said upper 
and lower encircling walls; 

said metal path having an internal metal portion *s 
connected to said first electrical conductor 
path; and 



so 



said metal path having an external metal por- 
tion providing said electrical connection. 

8. The apparatus of claim 3 wherein said wall member 
comprises: 

a thin tower encircling wall having a top surface ss 
and a bottom surface; 

said lower encircling wall defining a lower cavity 



portion having a first cavity area sufficient to 
contain said substrate assembly, 

an thick upper encircling wall having a top sur- 
face and a bottom surface; 

said upper encircling wall providing an upper 
cavity portion having a second cavity size that 
is smaller than said first cavity size and is suf- 
ficient to contain said dome; 

an outer portion of said bottom surface of said 
upper encircling wall being mounted on an in- 
ner portion of said top surface of said tower en- 
circling wall; and 

an inner portion of said bottom surface of said 
upper encircling wall forming a cavity portion 
overhanging said base area. 

9. Apparatus providing a closed cavity that physically 
surrounds, seals and protects a capacitance finger- 
print pattern determining array, comprising: 

a rigid substrate assembly having a base area 
that occupies a first horizontal plane; 

said substrate assembly having a dome that ex- 
tends vertically upward generally from a center 
of said substrate assembly so as to surrounded 
said dome with said base area; 

said dome having a top dome area that con- 
tains said array and occupies a second horizon- 
tal plane that is generally parallel to said first 
horizontal plane; 

said second plane being located a given dis- 
tance vertically above said first plane; 

a continuous wall member defining vertical cav- 
ity walls that encircle a vertically extending 
through-hole having a top planar and horizontal 
surface and a bottom planar and horizontal sur- 
face; 

said top through-hole surface being generally 
parallel to said bottom through-hole surface, 

said top through-hole surface being located 
vertically above said bottom through-hole sur- 
face by a distance that is generally equal to said 
given distance; 

first sealing means mounting said bottom 
through-hole surface on said base area to 
thereby encircle said substrate assembly with 
said vertical cavity walls; 
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a low dielectric constant and flexible membrane 
member; and 

. second sealing means mounting said mem- 
brane member on said top through-hole sur- 5 
face to thereby cover said substrate assemble 
and provide a low dielectric constant flexible 
surface for physical association with a fingertip 
whose fingerprint pattern is to be determined. 

10 

10. The apparatus of claim 9 including: 

a first electrical conductor path associated with 
said substrate assembly and connected to said 
array; 15 

a second electrical conductor path extending 
through said wall member 

said second electrical conductor path having a zo 
cavity-internal portion connected to said first 
electrical conductor path; and 

said second electrical conductor path having a 
cavity-external portion providing electrical con- zs 
n act ion to said first electrical conductor path. 

11. The apparatus of claim 9 wherein said wall member 
comprises: 

30 

a lower encircling wall having a narrow horizon- 
tal thickness, a narrow top surface, and a nar- 
row bottom surface; 

said lower wall defining a lower cavity portion 35 
having a horizontal area sufficient to contain 
said substrate assembly; 

an upper encircling wall having a wide horizon- 
tal thickness, a wide top surface, and a wide *o 
bottom surface; 

said upper wall providing an upper cavity por- 
tion having a horizontal area sufficient to con- 
tain said dome; 45 

a horizontally outer portion of said wide bottom 
surface of said upper wall being mounted on an 
inner portion of said narrow top surface of said 
lower wall; and so 

a horizontally inner portion of said wide bottom 
surface of said upper wall forming a horizontal 
cavity wall that vertically overhangs said base 
area. 55 

12. The apparatus of claim 11 including: 



a first electrical conductor path associated with 
said substrate assembly and connected to said 
array; 

a second electrical conductor path extending 
between upper and lower wails; 

said second electrical conductor path having a 
cavity-internal portion connected to said first 
electrical conductor path; and 

said second electrical conductor path having a 
cavity-external portion providing electrical con- 
nection to said first electrical conductor path. 

1 3. Apparatus providing an internal cavity that physical- 
ly protects a capacitance type object sensor, com- 
prising: 

a planar support member having a top horizon- 
tal surface of a first size; 

a semiconductor substrate having a bottom 
horizontal surface of a second size that is less 
than said first size; 

first mounting means mounting said bottom 
horizontal surface of said substrate generally 
centered upon said top horizontal surface of 
said support member, to thereby provide an ex- 
posed edge portion of said top horizontal sur- 
face of said support member, 

said substrate having a top surface topography 
providing a horizontal and planar edge surface, 
and an upwardly tapered surface that termi- 
nates at a generally center disposed, planar, 
and top horizontal dome surface that contains 
a capacitance type object sensor; 

said planar dome surface being located a given 
distance above said exposed edge portion of 
said top horizontal surface of said support 
member; 

a vertically extending and continuous wall 
member defining encircling cavity wall provid- 
ing a through-hole having a top horizontal sur- 
face and a bottom horizontal surface, said top 
surface being located generally at said given 
distance above said bottom surface; 

second mounting means mounting said 
through-hole bottom surface on said a edge ex- 
posed portion of said top horizontal surface of 
said support member, to thereby locate said 
substrate and said object sensor within said 
through -hole; 
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a low dielectric constant membrane, and 

third mounting means mounting said mem- 
brane on said through-hole top surface to 
thereby provide a low dielectric constant and 5 
downward flexible surface that closely overlies 
said capacitance type object sensor. 

14. The apparatus of claim 13 including: 

10 

a first electrical conductor path on said upward- 
ly tapered surface of said substrate, and elec- 
trically connected to said capacitance type ob- 
ject sensor; and 

15 

a second electrical conductor path extending 
through said cavity wall; 

said second electrical conductor path having an 
internal portion connected to said first electrical 20 
conductor path; and 

said second electrical conductor path having an 
external portion providing electrical connection 
to said first electrical conductor path. 25 

15. The apparatus of claim 14 wherein said cavity wall 
comprises: 

a lower encircling wall having a horizontal top 30 
surface and a horizontal bottom surface; 

said lower encircling wall providing a lower cav- 
ity portion having a first size sufficient to contain 
said substrate assembly; 35 

said bottom horizontal surface of said lower en- 
circling wall being mounted on said edge ex- 
posed portion of said top horizontal surface of 
said support member, 40 

an upper encircling wall having a top horizontal 
surface and a bottom horizontal surface; 

said upper encircling wall providing an upper « 
cavity portion having a second size that is 
smaller than said first size and sufficient to con- 
tain said upwardly tapered surface and said top 
horizontal dome surface; 

si 

said bottom horizontal surface of said upper en- 
circling wall being mounted on said top horizon- 
tal surface of said tower encircling wall; and 

said membrane being mounted on said top hor- Si 
izontal surface of said upper encircling wall. 

16. The apparatus of claim 15 wherein said second 



electrical conductor path comprises: 

a metal path located intermediate said upper 
and tower encircling walls; 

said metal path having an internal metal portion 
connected to said first electrical conductor 
path; and 

said metal path having an external metal por- 
tion. 

17. The apparatus of claim 14 wherein said cavity watl 
comprises: 

a lower horizontally narrow encircling wall hav- 
ing a top horizontal surface and a bottom hori- 
zontal surface; 

said narrow encircling wall defining a lower cav- 
ity portion having a first horizontal cavity area 
sufficient to contain said substrate; 

an upper horizontally-wide encircling wall hav- 
ing a top horizontal surface and a bottom hori- 
zontal surface; 

said wide encircling wall defining an upper cav- 
ity portion having a second horizontal cavity 
size that is smaller than said first cavity size, 
and is sufficient to contain said upwardly ta- 
pered surface and said top horizontal dome 
surface; 

a horizontally outer portion of said bottom sur- 
face ol said wide encircling wall being mounted 
on a horizontally inner portion ol said top sur- 
face of said narrow encircling wall; and 

a horizontally inner portion of said bottom sur- 
face of said wide encircling wall forming a hor- 
izontally extending cavity wall that vertically 
overhangs said horizontal and planar edge sur- 
face of said substrate. 

18. The apparatus of claim 17 including: 

a first electrical conductor path on said upward- 
ly tapered surface of said substrate, and elec- 
trically connected to said capacitance type ob- 
ject sensor, and 

a second electrical conductor path extending 
horizontally between said wide encircling wall 
and said narrow encircling wall; 

said second electrical conductor path having an 
internal portion connected to said first electrical 
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conductor path; and 

said second electrical conductor path having an 
external portion providing electrical connection 
to said first electrical conductor path. 

19. Apparatus providing a cavity that physically sur- 
rounds and protects a solid-state capacitance fin- 
gerprint pattern determining array, comprising: 

a rigid support member having a base surface 
that occupies a first horizontal plane; 

a flat-top dome extending vertically upward 
generally from a center of said base surface; 

said flat-top dome containing said solid-state 
array and occupying a second horizontal plane 
that is generally parallel to said first horizontal 
plane and is located a given distance vertically 
above said first horizontal plane; 

an encircling wall member providing a vertically 
extending through-hole having a top horizontal 
and planar surface and a bottom horizontal and 
planar surface; 

said top through-hole surface being generally 
parallel to said bottom through-hole surface, 
and said top through-hole surface being locat- 
ed vertically above said bottom through-hole 
surface by a distance that is generally equal to 
said given distance; 

first sealing means mounting said bottom 
through-hole surface on said base area to 
thereby encircle said flat-top dome; 



a low dielectric constant and flexible membrane 
member; 40 



second sealing means mounting said mem- 
brane member on said top through-hole sur- 
face to thereby cover said flat-top dome and 
provide a low dielectric constant flexible sur- 
face for physical association with a fingertip 
whose fingerprint pattern is to be determined; 
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electrical conductor path; 

a second electrical conductor path extending 
through said encircling wall member; 

said second electrical conductor path having a 
portion that terminates adjacent to said base 
member, and 

electrical connection means extending from 
said portion of said first electrical path to said 
portion of said second electrical path. 



45 



so 



a first electrical conductor path associated with 
said base member and said flat-top dome and 
connected to said solid-state array; 



a dielectric passivation layer covering said first 
electrical conductor path and said solid-state 
array; 55 

a via formed in said dielectric passivation layer 
so as to physically expose a portion of said first 
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